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Giycopeptide Derivatives 



BACKGROUND OF THE INVENTION 

FDBLD OF THE INVENTION 

10 The field of the invention comprises novel pharmaceuticals for preventing and treating antiviral 
infection* preferably retroviral infections and more preferably HIV infection. 

BACKGROUND 

15 Giycopeptide antibiotics (Vancomydn, TeicoplanM) are vital therapeutic agents used world-wide for 

the treatment of infections with gram-positive bacteria. Emerging bacterial resistance to vancomycin, 
, which has recently become a major public health threat,, is a stimulus for the synthesis and 

investigation of various derivatives of giycopeptide antibiotics (Malabarba, A et al Med, Res. Rev. 

17: 69-137, 1997 and Pavlov AY. & M.N.Preobrazhenskaya. Russian Journal of Bioorganic 
20 Chemistry. 24:570 - 587, 1998). However, none of these coinpounds or their derivatives have been 

demonstrated to have antiviral properties or to be suitable to inhibit or prevent viral infections. 

The present invention includes various semisynthetic derivatives of natural giycopeptide antibiotics 
such as vancomycin, eremomycin, chloreremomycm, teicoplanin, DA-40926 and others, their 
25 aglycons and also products of their partial degradation with the peptide core destroyed or modified in 
peptide core and in sugar moieties. The present derivatives are useftd as anti-HIV compounds. They 
are particularly effective against drug-resistant HIV strains. 

SUMMARY OF THE INVENTION 

30 

Semisynthetic derivatives of natural giycopeptide antibiotics have been designed and tested for 
antiviral activity and cell toxicity. 

The invention includes compounds and methods of making compounds with pronounced anti-HIV 
35 activity and low cell toxicity, methods of structurally modifying said compounds for enhanced 
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antiviral activity and methods of structurally modifying said compounds for decreasing or removing 
antibacterial activity while maintaining antiviral activity. 

An embodiment of present invention comprises thus pharmaceuticals derived from glycopeptide 
5 antibiotics or from glycopepndes with an analogue structure for preventing and treating antiviral 
infection, preferably retroviral infections and more preferably HIV infection. 



A preferred embodiment of present invention are compounds of the formula I, II and HI 



LO 



Formula I 



Formula II 



15 



Formula HI 




X* OR 3 ft 2 0 





X 8 OR R 
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wherein: 

b' and b 2 each independently represents nihil or an additional bond, R° represents nihil when b 2 
5 represents an additional bond and hydrogen when R° represents nihil, R* represents nihil when b l 
represents an additional bond and hydrogen when b' represents nihil, R* represents R 6 * and R° 
represents hydrogen when b 1 and b z each represents nihil* wherein R 6 " is described below. Preferably 
R fi represents R 6 ** R° represents hydrogen and b 1 and b 2 each represents nihil; 

10 b 3 represents nihil or an additional bond, R a —R s * represents a group of the formula: CHN(R u )CO, 
CHN(R u )(CH 2 )^CR nft )CO or CHN(R u )CO(CH2)xN(R lla )CO when b 3 represents an additional bond, 
and R 8 is R and R 5a is R 5 when b 3 represents nihil, wherein z is 0, 1 , 2, 3 or 4 and R, R 5 , R" and R Ua 
are described below. Preferably R* — R Sa represents CHNHCO; 

b 4 represents nihil or an additional bond, R b ~R 5b represents a group of the formula: CHN(R n )CO, 
15 CHNCR'^CCH^CR 11 ^^ or CHNCR n )CO(CH 2 )pN(R lls )CO when b 4 represents an additional bond, 
and R* is R and R* is R 5 when b 4 represents nihil, wherein p is 0, 1, 2, 3 or 4 and R, R 5 R 11 and R lla 
are described below; 

b 5 , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R°* 
represents hydrogen and R d represents R or a group of the formula: (CHz^CON^^CHCCHaOH) 

20 (CH 2 )« l N(R u )CE[(CH20H) when b s and b 7 represent nihil and b* represents an additional bond. R°* 
represents nihil, R d — Y represents a group of the formula: CHN=C(NR u )0 or CHNHCON<R n ) when 
b 6 represents nihil and b 5 represents an additional bond. Y and R to each represents a hydrogen and R 4 
represents group of the formula: (CH 2 ) 4 CON(R u )CH(CH 2 OH) (CH2)qN(R 12 )CH(CH 2 OH) when b 5 , b* 
and b 7 each represents nihil, wherein q is 0» 1, 2, or 3 and R* R u and R 12 are described below; 

25 n is 0,1, 2 or 3; 
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X 1 , X 2 , X 3 , X 4 , X 5 jX 7 and X 9 are each independently selected from hydrogen^ halogen and X* whereto 4)) 
X 6 is defined below. Preferably X\ X 2 * X 3 * X 4 , X 5 , X 7 and jX 9 are each independently selected from 
hydrogen and CI; 

X s is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, NO* NHNH 2 , 
5 NHN=CHR U , N=NR n , CHR n R 13 , CHaN(R 3 )R 11 , R 5 , R u and R 13 , wherein R 3 is CH 2 attached to 
phenolic hydroxyl group of me 7* amino acid, R 5 , R 11 and R 13 are defined below. Preferably X 6 is 
CBfeR 13 ; 

X s is selected from hydrogen and methyl; 

R e represents R and R 5 ° represents R 5 , wherein R and R 5 are defined below; 

10 R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 

R 1 is selected from hydrogen and R 11 , wherein R u is defined below. Preferably R x is (CH2XCOOH, 
<CH 2 )tCONR a R ,a , (CH 2 ) t COR 13 , (CH^COOR 11 . COR ls , (CH^OH, (CH 2 ) t CN, (CH^tR 13 , 
(CH 2 ) t SCH 3 , (CH2) t SOCH 3 , (CH^CO^CHg, (CH 2 >phenyi(w-OH,/>-a), (CHbJtphenylCo-X 7 , m-OR 10 , 
^^-[O-phenyl^OR 9 , m-X 9 , m-R^-m, where t is 0, 1, 2, 3 or 4. R, X 7 , X s . X 9 are defined above, 

15 R 11 , R 12 , R 13 , R ,s and R 16 are defined below; 

R 2 and R 4 are each independently selected from hydrogen, R 12 and R* 7 , wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 T R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or O-acetylmannosyl. R 12 and R 17 are defined below; 
20 R 5 is selected ftom COOH, COOR u , COR 13 , COR 15 , CH2OH, CH^halogen, CEfeR 13 , CHO, 
CH-NOR 11 , CH=NNR n R 12 and C=NNHCONR l, R 12 , wherein R n , R 12 , R 13 and R 15 are defined 
below; 

R 6 " is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, 4-epi-vancosaminyl, 3- 

25 epi'-vancosaminyl, vancosaminyl, actinosaminyl, glucuronyl, 4-oxovancosaminyl, ureido-4- 
oxovancosammyl and their derivatives with functional groups such as, for example, amino, carboxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR U R 12 , N + R 11 R lla R llb , COOR 11 , 
COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR n , CHNHOR 11 , C=NNR U R 12 and C=NNHCONR 1I R 12 
derivatives, wherein R u , R Ua , R nb , R 12 , R 13 , R 15 andR 17 are defined below; 

30 R 7 is selected from hydrogen, R 12 , R t7 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably 'Sug is glucosyl, mannosyl, ristosammyL N-acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, glucuronyl, 4-e^iWancosaminyl, 3^i-vancosaminyl, vancosaminyl, 
actinosaminyl, acosaminyl, glucosyl-vancosaminyl, glucosyl-4-e^-vancosaminyl, glucosyl^epf- 
vancosaminyl, ghicosyl-acosaminyl, glucosyl-ristosaminyl, glucosyl-actinosaminyl, gtucosyl- 

35 rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4-oxovancosaminyl, glucosyl-ureido-4- 
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oxovanoosaminyl, glucosyl(xhaimo5yl)-3naimosyI-arabiao8yl, glucosyi-2-O-Leu and their derivatives 
with as functional groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 
derivatives comprising NR l, R 12 , N t R ,l R ll "R Ub , COOR 11 , COR 13 . COR 15 , 0-R» O-R 17 , C=NOR u , 
CHNHOR 11 , C=NNR ,I R 12 and C=NNHCONR 11 R 12 derivatives, wherein R 11 , R lu , R ll \ R 12 , R 13 , R 15 

5 and R 17 are defined below, 

R 8 is selected from hydrogen, R 12 , R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl trad O-galactosyl-galactosyl; 
R 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined below; 

10 R 10 is selected from hydrogen, R 1Z , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or fhcosyl. R 1Z and R 17 are defined below; 

R u ».R m and R nb are each independently selected from the group consisting of hydrogen, alkyL aryl, 
heteroaryl, cyloalkyl, heterocycloalkyl; 

R 12 and R 12 * are each independently selected from die group consisting of hydrogen, alkyi. cycloalkyl, 
15 aryl, heterocycloalkyl, heteroaryl, acyL, amino-protecting group, carbamoyl, thiocarbamoyl, SOaR", 
S(0)R u , COR 13 -R ls , COCHR 1B N(NO)R u , COCHR 18 NR u R 12 and COCHR^nV'R^R 11 *, wherein 
R 11 , R lla and R Ub are defined above, R 13 and R 18 are defined below. Preferably R 12a is hydrogen, 
COCHR 1B NR"R ,2 T COCHR 18 N(NO)R n , COCHR 18 N + R 11 R Ua R 111 ' and COCHR l8 R 13 ; 
R 13 is selected from the group consisting of hydrogen, NHR ,2a , NR"R U , NR^Sug. N 4 R 1I R 11,l R nb . R ,s , 
20 NR u C(R ,:ia R llb )COR 15 and group of the formula: 
N-A- N*- A 

wherein A is -CHa-B-CHr- and B is -(CHaVD-fCHaV* wherein rn and r are from 1 to 4 and D is O, 
S, NR 12 , N*R u R lu , wherein Sug is any cyclic or acyclic carbohydrate, R u , R m and R 12 are defined 
above; 

25 R 14 is CH 2 , OO, CHOH, C=NOR u , CHNHOR 11 , C=NNR U R 12 , C=NNHCONR ll R ,z and 
CHNHNR n R 12 , wherein R 11 and R 12 are defined above; 

R w is selected from N(R n )NR n *R 12 N(R u )QR lla , NR 1 1 C(R* ^R 1 lb )COR 13 j wherein R 11 , R lla , R llb , 
R 12 and R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 or CII(NH 2 )CH 2 OH; 
30 R 17 is selected from SO3H, SjR u R n "R ub SiOR^OR"^^ PR U R U \ P(0)R ,1 R Ua , J>+K. n R m R u \ 
wherein R 11 , R n * and R ub are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 18 is CHb, 
CH?CH(CH3)2» phenyl(p-OH, w-CT), phenyl-rharnnose-p, phanyl-(rhamnose-galactose)-i?, phenyl- 
(galactose-galactose)-/?, phenyl-O-methylrhamnosc-p; 



35 



5/43 



31-Aus. 2002 1:54 +32 16 326515 



Nr. 2725 P. 12/50 



or a pharmaceuticaliy acceptable salt thereof for use in a - therapeutic treatment or -prophylactic ^ 
treatment of viral infection 

A more preferred embodiment of present invention is the use of compounds of the formula I, n and HI 
Formula I 



Formula IH 





X* OR 3 ' R 2 0 



Formula II 




X 8 OR 3 R a 




X 6 OR 5 R 2 cf X ! 
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►> r 

wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R° represents nihil when b 2 
represents m additional bond and hydrogen when R° represents nihil, R* represents nihil when b 1 
5 represents an additional bond and hydrogen when b 1 represents nihil, R* represents R** and R° 
represents hydrogen when b l and b 2 each represents nihil, wherein R 6a is described below. Preferably 
R 6 represents R 6 *, R c represents hydrogen and b 1 and b* each represents nihil; 

b 3 represents nihil or an additional bond, R B — JR. 5 * represents a group of the formula: CHN(R u )CO, 
10 CHN(R l ! XCH2) z N(R llB )CO or CHN(R u )CX)(CH2) z N(R l la )CO when b 3 represents an additional bond, 
and R a is R and R* a is R 5 when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R, R s , R u and R Ua 
axe described below. Preferably R* — R 5a represents CHNHCO; 

b 4 represents nihil or an additional bond, R* — R 5 * represents a group of the formula: CHNCR u )CO, 
CHN(R n )(CH 2 ) z N(R Jla )CO or CBNC^^COCCHa^NOR-^^CO whe» b 4 represent an additional bond, 
15 and R b is R and R 5b is R 5 when b 4 represents nihil, wherein p is 0, 1, 2, 3 or 4 and R, R 5 R 11 and R 11 * 
are described below; 

b 5 , b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R°* 
represents hydrogen and R d represents R or a group of the formula: (CH2)<5 L CON(R n )CH(CH20H) 
(CH2) q N(R ,2 )CH(CB[iOH) when b s and b 7 represent nihil and b 6 represents an additional bond. R 0 * 
20 represents nihil, R d —Y represents a group of fee formula: CHN-=C(NR l1 )0 or CHNHCON(R n ) when 
b 6 represents nihil and b 5 represents an additional bond. Y and R 0 * each represents a hydrogen and R d 
represents group of the formula: (CH 2 ) q CON(R n )CH(CH 2 OH) (CHa)^(R n )Cn(CH 2 OK) whenb 5 , b 6 
and b 7 each represents nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R 12 are described below; 
n is 0, L, 2 or 3; 

25 X*, X% X 3 , X*, X 5 ? X 7 and X 9 axe each independently selected from hydrogen, halogen and X 5 , wherein 
X 6 is defined below, Preferably X 1 , X s , X 3 , X 4 , X s , X 7 and X* are each independently selected from 
hydrogen and CI; 

X 6 is selected from the group comprising hydrogen, halogen* SO3H, OH, NO, NO& KHNHi, 
NHN-CHR U , N-NR 11 , CHR n R 13 , CH^NCR 3 ^ 11 , R 5 , R u and R 13 , wherein R 3 is CH 2 attached to 
30 phenolic hydroxyl group of the 7 fe amino acid, R 5 , R 11 and R 13 are defined below. Preferably X 6 is 
CH 2 R 13 ; 

X 8 is selected from hydrogen and methyl; 

R c represents R and R 5c represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHR* 3 and R* 4 , wherein R 13 and R 14 are defmed below* Preferably R is CHR 13 ; 
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c 

R 1 is $&leet$d fmsx hydrogen, and R u , wherein R u is defined below. Preferably R l is (CH^COOH, 
(CH2)tCONR u R J2 , (CHa) t COR 13 , (CH^tCOOR 11 , COR 15 , (CHiQtOH, (CH^CN, (CH 2 )<R 13 , 
(CH 2 ) t SCH 3 , (CH 2 )tSOCH3 7 (CH 2 )tS(0)2CH3, (CH 2 )3>heayI{m-OH, p-CI), (GH 2 ) t pheDLyl(oX 7 , /w-OR 10 , 
p^-[0-phenyl(o-OR 9 , jw-X 9 , m-R l6 )>/«, where t is 0, 1, 2, 3 or 4. R, X 7 , X s , X 5 are defined above. 
5 R n , R 12 , R ls s R 35 and R 16 are defined below; 

R* and. R 4 are each independently selected from hydrogen, R* 2 and R l \ wherein R u and R n are 
defined below; 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate* 
Preferably Sug i$ mannosyl or O-acetylmannosyl. R 12 and R 17 are defined below; 
10 R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH*OH, CH^halogen, CKbR 13 , CHO, 
CH-NOR u , CH=NNR 11 R 1Z and C=NNHCONR u R 12 , wherein R n , R 12 , R 13 and R 15 are defined 
below; 

R 6 * is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate* Preferably Sug is giucosyl, ristosaminyl, N-acetyiglucosamdnyl, 4-epz-vancosamfoyI, 3- 

15 eptorancosaminyl, vancosaminyl, actinosaminyl* glucuronyl, 4-oxovancosaminyi, ureido^f- 
oxovancosaminyl and their derivatives with functional groups such as for example, amino, carbaxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R 12 , N^R^R 11 *, COOR 11 , 
COR 13 , COR 15 , 0-R t2 , Q-R 17 , 0=NOR n , CHNHOR 11 , C=NNR n R 12 and C=NNHCONR 1! R 12 
derivatives, wherein R 11 , R lla , R ,lb , R 12 , R 15 , R 15 and R 17 are defined below; 

20 R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate* Preferably Sug is glucosyl, mannosyl, ristosaminyi, N-acylglucosaminyl, N- 
acylgiwuronyl, giucosaminyl, glucuronyl, 4-e/7?-vancosaminyl, 3-Qw-vancosaminyl, vancosaminyl, 
actinosaxninyl, acosaminyl, glucosyi-vaacosaminyl, glucosyl-4-6p/-vancosaniinyl, glucosyl-3-epi- 
vancosaminyl, glucosyl-acosaminyl, ^ucosyl-ristosaiinnyl, ghicosyl-actinosaminyl, glucosyl- 

25 rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4-oxovancosaminyi, glucosyl-ureido-4- 
oxovancosaxninyl, glucosyl(rhamnosyl)-mannosyl-arabinosyl 7 glucosyi-2-Q-Leu and their derivatives 
with as fimction&l groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 
derivatives comprising NR U R 12 , N*R n R Ua R Ub , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR 1! , 
CHNHOR 11 , C-NNR ll R 12 and C^NNHCONR 1 *R 12 derivatives, wherein R lt , K n \ R lIb , R 12 , R 13 , R 15 

30 and R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl-galactosyl; 
R 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl, R* 2 and R 17 are defined below; 
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^ R 10 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or fucosyl. R u and R 1? are defined below; 

R n , R Ufl and R nb are each independently selected from the group consisting of hydrogen, alkyl, aryl, 
heteroaryl, cyloalkyl, heterocycloalkyl; 

5 R 12 and R 12a axe each independently selected from the group consisting of hydrogen, aikyl, cycioalkyl, 
aryl, heterocycloalkyl, heteroaryl, acyl* ainino-protecting group, carbamoyl, thiocaxbamoyi, S02R n , 
S(0)R*\ COR> 3 -R* 8 , COCHR l ^(NO)R u . COCHR'^NR^R 12 and COCHR^R 1 l R Ua R llb * wherein 
R u , R Ua and R m are defined above, R 1S and R 18 are defined below* Preferably R l2a is hydrogen, 
COCHR ,8 NR ll R 12 , COCHR 18 N(NO)R n , COCffll l *^ n R x|a R nb and COCHR 1 ^ 13 ; 

10 . R 13 is selected from the group consisting of hydrogen, NHR**% NR u R w f NR u Sug, K*R u R Ua R u \ R 15 , 
NR ll C(R lla R ,lb )COR 15 and group of 1he formula: 
N-A- N 4 *- A 

wherein A is -CH2-B-CH2- and B is ~{CH^) m -D-(CH2)r> wherein m and r axe from 1 to 4 and D is O, 
S, NR 12 , N*R n R lla , wherein Sug is any cyclic or acyclic carbohydrate, R 11 , R lla and K u are defined 
15 above; 

R 14 is CH 2 , CO, CHOH, C=NOR u , CHNHOR 11 , C=NNR U R 12 , C=NNHCONR n R 12 and 
CHNHNR n R 12 , wherein R n and R 12 are defined above; 

R 15 is selected from N(R u )NR 11ft R 12 , N(R n )OR llft , NR n C(R ns, R nb )COR 13 , wherein R n 9 R lla , R nb , 
R 12 and R 13 are defined above; 
20 R l * is selected from group of the formula: R-R 5 or CHCNH^CHzOH; 

R 17 is selected fixjm SO3H, SiR n R na R llb , SiOR n OR Ua OR n \ PR n R 1Ia , P(0)R u R n % P*TR. n R n *R Ub 
wherein R 11 , R* 18 and R 1 ,b ate defined above; 

R l * is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 1 * is CBb^ 
CH^CHCCIfe)^ phenyl(p-OH, m-CI), phenyl-rhamnose-i?, phenyl-(rhamnose-galactose>p, phenyl- 
25 (galactose-galactose)-^, phenyl-O-metfayhhamnose-jp; 



or a pharmaceutical acceptable salt thereof, for the preparation of a medicament for preventing or 
treating viral infections. 

30 Each compound of the present invention may be a pure stereoisomer coupled at each of its ctaral 
centers or it may be inverted at one or more of its chixal centers. It may be a single stereoisomer Or a 
mixture of two or more stereoisomers. If it is a mixture, the ratio may or may not be equimolar. 
Preferably the compound is a single stereoisomer. Preferably the stereochemistry of the peptide core of 
the compound containing six amino acids (2-7) is 2(i?), 3(iS), 4(R), 5(R% 6(S) and 7(«5). 
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b' and b 2 each mdepenctently represents nihil or an additional bond, R° represents nihil when b 2 
represents an additional bond and hydrogen when R° represents nihil, R e represents nihil when b* 
represents an additional bond and hydrogen when b l represents nihil* R 6 represents R & and R° 
represents hydrogen when b 1 and b 2 each represents nihil, wherein R 68 is described below. Preferably 
5 R s represents R*% R° represents hydrogen and b 1 and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R tt — R 54 represent a group of the formula: CHN(R n )CO, 
CHN(R 11 )(CH 2 )^N(R Ua )CO or CHN(R u )CO(CH2)zN(R na )CO when b 3 represents an additional bond, 
and R a is R and R 5 * is R 5 when b 3 represents nihil, wherein z is Q, 1, 2, 3 or 4 and R, R 3 , R n and R Ufl 
10 are described below. Preferably R* — R 5 " represents CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 56 represents a group of the formula: CHN(R ll )CO, 
CB0Sr(R n )(CHa) J J«I(R u,, )CO or CHN(R u )CO(CBb)pN(R lu )CO when b 4 represents an additional bond, 
and R* is R and R 5 * is R 5 when b 4 represents nihil, wherein. p is 0, 1, 2, 3 or 4 and R, R s R n and R llB 
are described below; 

15 b 5 , b* and b 7 each independently represents nihil or an additional bond, Y represents oxygen, R 0a 
represents hydrogen and R d represents R or a group of the formula: (CH 2 ) q CON(R n )CH(CH 2 OH) 
(CH2),,^(R ,Z )CH(C3H20H) when b 5 and b 7 represent nihil and b c represents an additional bond, R 0a 
represents nihil, R d — Y represents a group of the formula: CHN=C(NR n )0 or CHNHCON(R n ) when 
b* represents nihil and b 5 represents an additional bond. Y and R 0tt each represents a hydrogen and R d 

20 represents group of the formula: (GH2),CON(R n )CH(aH 2 OH) (CH 2 ) q N(R 12 )CT(CH20H) when b 5 , b 5 
and b 7 each represents nihil, wherein q is 0, 1, 2, or 3 and R, R 1 1 and R 12 are described below; 
nisO, 1, 2 or 3; 

X 1 , X 2 , X\ X 4 , X 5 , X 7 and X* are each independently selected from hydrogen, halogen and X 6 , wherein 
X s is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X s are each independently selected from 
25 hydrogen and d; 

X 6 is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, NO2, NHNHz, 
NHN=OHR l \ NHNR 11 , CHR U R 13 , CH 2 N(R 3 )R U , R 5 , R 11 and R 13 , wherein R 3 is GH 2 attached to 
phenolic hydrozyl group of the 7* amino acid, R 5 , R 11 and R 13 are defined below. Preferably X 6 is 
CH2R 13 ; 

30 X s is selected from hydrogen and methyl; 

R c represents R and R 5c represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 

R 1 is selected from hydrogen and R u , wherein R 11 is defined below. Preferably R 1 is (CH 2 )iCOOH, 

(CH 2 )tCONR u R 12 , (CHa^OR 13 , (CH 2 ) t COOR u , COR 15 , (CHz^OH, (CH^CN, (CH 2 ),R 13 , 
35 (CH 2 >SCHs, (CH2)tSOCH 3> (CH 2 )tS(0)2CHb, (CHa)tphenyl(w-OH, p-CT). (CH 2 )tf>henyl(o-X 7 , m-OR 



10 
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10 



^rX^-LO-phenyl^-OR 9 , m-X*. m-R ls )]-m, where .t is 0, 1, 2,. 3 or 4. R, X 7 , X 8 , X s are defined above. 
R 11 , R 12 , R 13 , R 15 and R 16 are defined below; 

R 2 and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or O-acetylmannosyl. R u and R 17 are defined below; 
R* is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CHahalogen, CEfcR 13 , CHO, 
CH=NOR n , CH=NNR U R 12 and C=NNHCONR n R 12 , wherein R n , R 12 , R 13 and R X5 are defined 
below; 

R Sa is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sng is giucosyl, ristosaminyi, N-*cetylglucosaiianyl, 4-e/>>-vancosaralnyl, 3- 
c/>/-vancosaminyl, vancosaminyh actJnosaminyl, glucuronyl, 4-oxovancosaminyl, ureido-4- 
oxovancosaminyl and their derivatives with functional groups such as, for example, amino, carboxy, 
, hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R 12 , K*"R H R ll8 R Ub , COOR U , 
15 COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR n , CHNHOR 11 , ONNR^R 12 and CHNNHCONR 1 *R 12 
derivatives, wherein R 11 , R ,ls , R 1Ib , R 12 , R 13 , R 1S and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is giucosyl, mannosyl, ristosaminyi, N-acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, glucuronyl, 4-^/-vancosaminyl, 3-e/?/-vancosaminyi, vancosanrinyl, 
20 actinosaminyl, acosaminyl, glucosyl-vancosaminyl, glucosyl-4-epz-vancosammyl, glucosyl-3-epj- 
vancosaminyl, ghicosyl-acosaminyl, glucosyl-ristoseuninyl, glucosyl-actinosannayl, glucosyl- 
rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4-oxovancosaminyl, glucosyl-ureido-4- 

oxovancosaminyl, glucosylCrhamnosyO-mannosyl-arabinosyl, glucosyl-2-O-Leu and their derivatives 
with as functional groups, for example, amino, carboxy. hydroxy and oxo. Typical carbohydrate 
25 derivatives comprising NR U R U , N*R ll R Ua R nb , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 . C=NOR u , 

CHNHOR 11 , CHNNR U R 12 and C=NNHCONR n R 12 derivatives, wherein R", R 1U , R nb , R 12 , R 13 , R 13 

and R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R 17 , OH, O-alkyl-Sug and O-Sng, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl-galactosyl; 
30 R 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined below; 
R 10 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or fucosyl. R 12 and R 17 are defined below; 

R"R Ua andR 1Ib are each independently selected from foe group consisting of hydrogen, alkyl, aryl^ 
\S heteroaryl, cyloalkyl, heterocycloalkyl; 
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^ f^R 1 * and R 12 " are each independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, 
aryl, heterocycloaflcyl, heteroaryl, acyl, ammo-protecting group, carbamoyl, tbiocarbamoyl, SO2R 11 , 
S(0)R n . COR ,3 -R 18 , COCHR ls N(NO)R n , COCHR ta NR"R 12 and COCHR l8 N 4 R u R Ua R n1> > wherein 
R 11 , R 1U and R ,lfr are defined above, R 13 and R ,s are defined below. Preferably R 12a is hydrogen, 
5 COCHR ls NR u R u , COCHR 15 NCNO)R u , COCHR 1 Wr'V 1 " and COCHR 18 R 13 ; 

R 1 * is selected from the group consisting of hydrogen, NHR t2 \ NR u R ,a , NR tJ Sug> N 1 R n R 1,a R lft , R 1S > 
NR u C(R Ua R m )COR 15 and group of the formula; 
N-A- N*- A 

wherein A is -CHrB-CHz- and B is -(CH^VD-CCHa)^ wherein m and r are from 1 to 4 and D is O, 
10 S, NR 12 , N^R 114 , wherein Sug is any cyclic or acyclic carbohydrate, R ll » R 1U and R ,z are defined 
above; 

R 14 is CH fe OO, CHOH, C=NOR n , CHNHOR 11 , ONNR u R 12 , C-NNHCONR n R lz and 
CHNBDNR 1 l R 12 , wherein R 1 1 and R u are defined above; 

R 15 is selected from N(R")NR ll4 R 12 , N(R ll )OR ll % NR^OR'^^COR^ wherein R» R u % R ,,b , 
15 R tz and R 13 are defined above; 

R 16 is selected from group of the formula: R-R s or CHCNKb)CHaOH; 

R 17 selected from SOjH, SiR l, R ,la R ub , SiOR ll OR ,la OR 1,b , PR^R 114 , P(0)R ll R u ", P^R ll R lla R m . 
wherein R u , R lla and R llh are defined above; 

R l * is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 1 * is CH 3 , 
20 OfcCHCCH&i, phenyM>OH, m-CI), phenyl-rhamnose-p, phenyKrhamnose-galactose)^, phenyl- 
(galactose-galactose)-p, pAienyl-O-methylrhamnose-/?; 

or a pnarmaceufically acceptable salt thereof, for use in a treatment or preventive treatment of HIV 
infection, or of AIDS or of AIDS related complex. 

25 



Yet another preferred embodiment of present invention is the use of compounds of the formula I, II 
and III 

30 



13M3 





wherein: 

1 2 

b and b each independently represents nihil or an additional bond, R° represents nihil when b 2 
10 represents an additional bond and hydrogen when R° represents nihil, R* represents nihil when b x 
represents an additional bo&d and hydrogen when b 1 represents nihil, R 6 represents R 6a and R° 
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V represents hydrogen when b l and b 2 each represents nihil, wherein R 6 * is described below. Preferably 
R 6 represents R 68 , R° represents hydrogen and b 1 and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R a --R 5a represents a group of the formula: CHNCR'^CO, 
5 CHN(R n )(CH 2 )^CR lu )CO or CHNCR'^COCCHjJbNCR'^CO when b 3 represents an additional bond, 
and R a is R and R 5a is R 5 when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R R 5 , R n and R Ua 
are described below. Preferably R"~R 5a represents CHNHCO; 

b 4 represents nihil or an additional bond, R b — R a represents a group of the formula: CHN(R n )CO, 
GHN(R u )(CH 2 ) z N(R n *)CO or CHN(R n )CO(CH 2 )pN(R na )CO whenb 4 represents an additional bond, 
10 and R* is R and R* is R 5 when b 4 represents nihil, wherein p is 0, 1. 2, 3 or 4 and R> R 5 R J1 and R 1U 
are described below; 

b s , b fi and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R 0 " 
represents hydrogen and R* represents R or a group of the formula: (CH 2 ) q CON(R n )CH(CH20B) 
(CH 2 )qN(R ,2 )CH(CH 2 OH) when b 5 and b 7 represent nihil and b 6 represents an additional bond. R 0a 
1 5 represents nihil, R d — Y represents a group of the formula: CHN=C(NR n )0 or CHNHCONCR. 1 L ) when 
b° represents nihil and b s represents an additional bond. Y and R 0a each represents a hydrogen and R* 
represents group of the formula: (CH 2 ),CON(R n )CH(CH 2 OH) (CH 2 )«,N(R lz )CH(CH 2 OH) when b 5 , b 6 
and b 7 each represents nihil, wherein q is 0, 1, 2, or 3 and R, R n and R 12 are described below; 
a is 0, 1, 2 or 3; 

20 X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently selected from hydrogen, halogen and X*, wherein 
X 6 is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 3 , X 7 and X 9 are each independently selected from 
hydrogen and CI; 

X 6 is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, N0 2 , NHNH 2 , 
ME*=CHR 11 , N=NR ,1 » CBGR^R 13 , CH2N(R 3 )R U , R 5 , R n and R 13 , wherein R 3 is CH* attached to 
25 phenolic hydroxyl group of the 7 th amino acid, R 5 , R 11 and R 13 are defined below. Preferably X 6 is 
CH 2 R W ; 

X s is selected from hydrogen and methyl; 

R p represents R and R 5c represents R 5 , wherein R and R 5 are defined below; 
R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 
30 R* is selected from hydrogen and R u , wherein R u is defined below. Preferably R l is (CH 2 )iCOOH, 
(CH 2 ),CONR u R 12 (CH 2 )tCOR 13 , (CH 2 )tCOOR n , COR ls , (CH 2 )tOH, (CHa)tCN, (CH 2 )tR 13 , 
(CH 2 )iSCH 3 , (CH 2 >SOCH3, (CH^SCOfcCfik (CH^phenylCw-OH^CI), (CH 2 >phenyl(o-X 7 , m-OR 10 , 
p-X^Q*phe>nyl(o-ok 9 f m-X 9 , /n-R 16 )]-m, where t is 0, 1, 2, 3 or 4. R, X 7 , X 8 , X 9 are defined above. 
R u , R 12 , R 13 , R 15 and R 16 are defined below; 
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( " R 2 and R* are each radependently. selected from hydrogen, R 12 and R 17 ,. wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or O-acelyhnannosyl. R 12 and R 17 are defined below; 
5 R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CHzhalogen, CH 2 R 13 , CHO, 
CH=NOR", CH=NNR n R 12 and C=NNHCONR n R ,2 J wherein R n , R 12 R 13 and R 15 are defined 
below; 

R* 1 is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylgracosaniiiiyl, 4-^vancosamfayl, 3- 
10 e^/-vancosaminyl, vancosaminyl, actmosaminyl, glucuronyl, 4-oxovancosaminyt, ureido-4- 
oxovancosaminyl and their derivatives with functional groups such as, for example, amino, carboxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR U R 12 , N*R u R lla R m , COOR 11 , 
COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR", CHNHOR 11 , C=>NNR u R 12 and C=NNHCONR u R 12 
derivatives, wherein R u , R Ua , K n \ R n , R 13 , R 15 and R 17 are defined below; 
15 R 7 is selected from hydrogen, R n , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosaminyl, N-acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, gluouronyl, 4-e/ri-vancosaminyl, 3-epz-vancosaminyl, vancosaminyl, 
actmosaminyl, acosaminyl, glucosyl-vancosaminyl, giucosyl-4-^vancosaminyl, gtacosyl-3-^- 
vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosaminyl. glucosyl-actinasaminyl, glucosyl- 

20 xhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4-oxovancosaminyl, glucpsyl-ureido-4- 
oxovancosaminyl, glucosyl{rhamnosyl)-mannosyl-arabinosyl, glucosyl-2-O-Leu and their derivatives 
with functional groups such as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 
derivatives comprising NR U R 12 , N*R U R U *R U * COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , ONOR 11 , 
CHNHOR 11 , C=NNR n R 12 and C^'NNHCONR 1 l R a derivatives, wherein R n , R Ub , R 11 * R 12 , R 13 , R>5 

25 and R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R ,? , OH, O-aUsyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-maunosyl, O-galactosyl and O-galactosyl-galactosyl; 
R* is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined below; 

30 R 10 is selected from hydrogen, R 12 R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate 
Preferably Sug is mannosyl or fbcosyl. R 12 and R 17 are defined below; 

R , R Ua and R llb are each independently selected from the group consisting of hydrogen, alkyl, aryl, 
heteroaryl, cyloalkyi, heterocycloalkyl; 

R 12 and R 12 * are each independently selected from the group consisting of hydrogen, alfcyi, cycloallcyl, 
35 aryl, heterocycloalkyl, heteroaryl, acyl, amino-protecting group, carbamoyl, Ihiocarbamoyl, S0 2 R u , 
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(jp, C S(Q)R n > COR l3 -R 18 , COCHR 18 N(NO)R n , COCHR 18 NR n R 12 and COCHR 18 N 4 R n R Ua R 1, \ wherein 
R u , R lla and R ,lb are defined above, R* 3 and R 18 are defined below. Preferably R* 2 *- is hydrogen, 
COCHR i8 NR u R i2 cOCHR l? NCNO)R xl , COCBR 18 N + R n R t,a R 111 ' and COCHR l8 R X3 ; 
R' 3 is selected from the group consisting of hydrogen, NHR ,2 \ NR U R 12 , NR u Sug, NH 11 ^ 1 ^ 111 , R 1 *, 
5 NR n C(R Ua R llb )COR 15 and group of me formula: 
N-A- N*- A 

wherein A is -CH r B-CH r and B is -(C^) m -D-(CH2>, wherein m and r are from 1 to 4 and D is O, 
S, MR. 12 , N^R 11 *, wherein Sug is any cyclic or acyclic carbohydrate, R u , R Us and R 12 are defined 
above; 

10 R 14 is CH* OO, CHOH, C=NOR n , CHNHOR 11 , ONNR n R 12 , C=NNHCONR n R 12 and 
CHNHNR n R 12 , wherein R 11 and R 12 are defined above; 

R 15 is selected from N(R* ^NR 1 la R 12 , N(R u )OR u % NR^C^R^COR 13 . wherein R 11 , R If % R llb > 
R 12 and R 13 are defined above; 

R 16 is selected from group of the formula; R-R s » CH(NHa)CH20H or CH ; 
15 R" is selected from SO3H, SiR u R n »R llb , SiOR u OR u *OR 1,b , FR»R lta . P<0)R»R" B , F + R t, R ,te R nb , 
wherein R u , R 1U and R 1,b are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R l is defined above. Preferably R 18 is CH 3 , 
CH 2 CH(CH3)2, phenyl(p-OH, ro-CI), phenyl-rhamnose-p, phenyKrharanose-galactose)-/?, phenyl- 
(galaotose-galactose>p,phenyl<)-memyfrhanmose-^; 

20 

for the preparation of a medicament for preventing infection of HIV, or treating infection by HW or 
for treating AIDS or AIDS related complex. 

Each compound of the present invention may be a pure stereoisomer coupled at each of its chiral 
25 centers or it may be inverted at one or more of its chiral centers. It may be a single stereoisomer or a 
mixture of two or more stereoisomers. If it is a mixture the ratio may or may not be equimolar. 
Preferably the compound is a single stereoisomer. Preferably the stereochemistry of the peptide core of 
me compound contahung six amino acids (2-7) is 2iR\ 3(5)» 4(#), 5(R), 60S) and 70S). 

30 The above mentioned compounds may be engineered to be less active or inactive antibacterials at 
therapeutically effective antiviral doses and it also has been demonstrated by this invention that they 
can be engineered to have no mammalian cell toxicity at therapeutically effective antiviral doses. Yet 
another preferred embodiment of present invention includes thus the use in a prophylactic ireateaent or 
therapeutic treatment or the use to manufacture a medicament to treat therapeutically or prophylacticly 
35 a viral infection with vancomycin derivatives, eremomycin dervatives, eremomycin aglycon 
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f derivatives, Des-(N-metb.yl -L-leucyl)-eraiycin aglycon, DMDA40, DA40, DA40 derivstivesj ^ 
DMDA40 derivatives, teicoptanin aglycon derivatives, modified products of teicopianin aglycon 
degradation or other structurally related glycopeptide antibiotics. The compounds are selected for 
antiviral activity and low m a mm al ia n cell toxicity and eventually may be Selected as additional 
property antibacterial inactivity in antiviral activity assays such as the arrti-HIV assays of present 
invention, a cytostatic activity assay of the state of the art or the cytostatic activity assay on the 
mammalian cell lines (L1210, Molt4/C8 or CEM) of present invention and additional antibacterial 
assays of the state of the art . 



10 The compounds of the present invention for use in a prophylactic treatment or therapeutic treatment or 
1he use to manufecture a medicament to treat therapeutically or prophylactically a viral infection, and 
preferably a retroviral infection and yet more preferably a HIV infection can be selected from the 
group of compounds 1 to 55 of the examples of this application, 

IS 

DESCRIPTION 

Definitions 

As used herein, the term "halogen" refers to CI, Br, I, F. 

The term "alky!" refers to straight or branched, substituted or unsubstituted, saturated or unsaturated 
20 Cj-Qm hydrocarbon chains without or with suitable heteroatoms. The number and position of 
unsaturated bonds and heteroatoms may be varied Any heteroaoms may be the same or different and 
can, for example, be O, N, S or B. The nature, number and position of substituents may be varied. Any 
substituents may be the same or different and can, for example, be halogen, SH, OH, COOH, N0 2 , 
NH 2 , NHC(NHj)=NH, CH(NH Z )=NH, NHOH, NHNH 2 , N 3 , NO, CN, N=NR U , N=NR 12 , SOR 11 , 
25 S0 2 R u , B(OH) 2 , B(OR n )2, CO, CHO, O-Sug, NR n -Sug, R 11 , R 12 , R 17 and R 18 , wherein R u , R 12 , R " 
and R** are described as above and Sug is any cyclic or acyclic carbohydrate. Any substituents may 
themselves be substituted. The position, and number of any substituents may be varied. 



The term "cycloalkyl", as used herein, refers to saturated or unsaturated, substituted or unsubstitoted 
30 monocyclic, bicyclic, tricyclic and raacracyclic C^C^ hydrocarbon chains. The nature, number and 
position of substituents may be varied. Any substituents may be the same or different and can, for 
example, be halogen, SH, OH, COOH, NOa, NH 2 , NHC(NH 2 )=NH, CH(NH 2 )=NH, NHOH, NHNHz, 
N 3 , NO, CN, N=NR n , N==NR ,Z , SOR», SO&}\ B(OI^b, B(OR ,l ) 2 , CO, CHO, O-Sug, NR U -Sug, R 11 , 
R 12 , R 17 and R ,B , wherein R n , R 12 , R 17 and R 1 * are described as above and Sug is any cyclic or 
35 acyclic carbohydrate. Any substituents may themselves be substituted. The position, and number of 
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C any substituents may be varied. Typical cycloalkyls include cyclopropyl, cyclobutyl, cyclopentenyl, 
cyclopentyl, cycloheayl, cyciohexenyl, cycloheptyl, cyclododecyl, bicylcopentyl, bicyclohexyl, 
bicycloheptyl, adamantyl, bornyl, norbornyl and the like. 

5 The term "heterocycloalkyl" as used herein, refers to saturated or unsaturated, substituted or 
uosubstrarted monomelic, bicyclic, tricyclic and macrocyclic C2-C24 hydrocarbon chains with suitable 
heteroatoms selected from S, O, N or B> The nature, number and position of substituents may be 
varied Any substituents may be the same or different and can, for example, be halogen, SH, OH, 
COOH, NO*, NH2, NHC(NH^=NH, CH(NH 2 >=NH, NHOH, NHNH2, N 3 , NO, CN. N=NR U , N=NR 12 , 

10 SOR u , SO3R 11 , B(OH)* B(OR u )* CO, CHO, O-Sug, NR U -Sug, R u , R w , R 17 and R 1 *, wherein R u , 
R 12 R 17 and R 18 are described as above and Sug is any cyclic or acyclic carbohydrate. Any 
substituents may themselves be substituted. The position, and number of any substituents may be 
varied. Typical heterocycloalkyls include piperazinyl, piperidinyl, morpholinyl, quinuclidmyl, 
borabicyclononyl, crown ethers, azacrowns, tbiacrowns and the like, 

15 

The term "aryl", as used herein* refers to a stable, saturated or unsaturated, substituted or 
unsubstituted C 6 membered organic monocyclic ring; a stable, saturated or unsaturated, substituted or 
unBubstituted, QrCio membered organic fused bicyclic ring; a stable, saturated or unsaturated, 
substituted or unsubstituted, C12-C14 membered organic fused tricyclic ring; or a stable, saturated or 

20 unsaturated, substituted or unsubstituted, C M -Ci 6 membered organic fused tetracyclic ring. Preferably 
the aryi is substituted by one or more moieties mdependenuy selected from the group comprising 
hydrogen, halogen, SH, OH, COOH, NO,„ NH 2 , NHC(NH 2 )=NH, CH(NH a )=NH, NHOH, NHNH2, 
N 3 , NO, CN, N=NR U , N=NR 12 , SOR 1 ', SO^R 11 , B(OH)* B(OR u ) 2 , CO, CHO, O-Sug, NR U -Sug, R n , 
R 12 , R 17 and R 1B , wherein R 11 , R 12 , R 17 and R 1S are described as above and Sug is any cyclic or 

25 acyclic carbohydrate. Any substituents may themselves be substituted. The position, and number of 
any substituents may be varied Typical aryls include phenyl, biphenyl, uiphenyl, naphtyl, fhiorenyl, 
phenanthrenyl and the like. 

The terra "heteroaryr, as used herein, refers to a stable, saturated or unsaturated, substituted or 
30 unsubstituted, C4-C7 membered organic monocyclic ring having a heteroatom selected from S, O, and 
N; a stable, saturated or unsaturated substituted or unsubstituted, C9-C10 membered organic fused 
bicyclic ring having one or more heteroatoms selected from S, O, and N; or a stable, saturated or 
unsaturated, substituted or unsubstituted C»-Cm membered organic fused tricyclic ring having one or 
more heteroatoms selected from S, O, and N. The nitrogen and sulfur atoms of these rings are 
35 optionally oxidized, and the nitrogen heteroatoms are optionally quartenuzed. Preferably the aryl is 
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substituted by one or more moieties independently selected from the group comprising hydrogen, . M 
halogen, SH, OH, COOH, NO* NH*, NHC(NH 2 )=NH, CH(NH 2 )=NH, NHOH, NHNH 2j N 3 , NO, CN, 
N-NR ll ,N=NR 12 , SOR", SOaR 11 , B(OH) 2 , B(OR n )2, CO, CHO, O-Sug, NR n -Sug, R u , R 12 , R 17 and 
R l8 r wherein R 11 , R 12 , R 17 and R 18 are described as above and Sug is any cyclic or acyclic 
carbohydrate. Any substituents may themselves be substituted The position, and number of any 
substituents may be varied. Typical heteroaryls include indolyl, quinolyl, piperidyl, tbienyl, piperonyl, 
oxafluorenyl, pyridyl and benzothienyl and the like. 



The term "acyl", as used herein, refers to group of the formula: -COR 11 , -COOR 11 or-CSR n wherein 
10 R u is described above. 



The term "carbamoyl", as used herein, refers to group of the formula: -CONR n R u " or -CONHR I? 
wherein R n , R lla and R 12 are described above. 



15 The term "tliiocarbamoyl" refers to group of the formula: -CSNHR 12 or -C^SR^NHR 12 , wherein 
R u and R 12 are described above. 

The term "ammo-protecting group" refers to those groups known in the art to be suitable for protecting 
die amino group during the acylation reaction. Such groups are well recognized, and selecting a 
suitable group for this purpose will be apparent. The terfr-butoxycarbonjd (Boo), 
20 adamantyloxycarbonyl (Adoc), fluorenylmemoxycarbonyl (Faroe) and carbobenzoxycarbonyl (Cbz) 
groups are examples of suitable armno-protecting groups. 

The term "carbohydrate" refers to any cyclic or acyclic carbohydrate. 



25 Illustrative embodiments of the invention 



The terminology used herein is not mtended to limit the scope of the present invention but for the 
purpose of describing particular embodiments. This invention is not limited to the particular 
methodology, protocols and reagents described as these may vary. 

The present invention includes a class of natural glycopeptide antibiotics and their derivatives and a 
class of compounds with structural similarity to said natural glycopeptide antibiotics which possess 
antiviral activity such as the anti-retroviral activity of presented examples. The invention also includes 
derivatives of glycopeptide antibiotics, which have been structurally engineered or modified to 
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decrease or remove completely or partially the antibacterial activity while still comprising antiviral 
activity. The glycopeptide antibiotics are well known as powerful antibacterial agents against a wide 
variety of gram-positive bacteria and until now there is no data available about anti-viral, anti- 
rctroviral or anti-HIV activity of such compounds. Several natural peptide antibiotics such as 

5 complestatins and chloropeptins with activity against HTV-1 (K, Mateuzara, H. et aj J f A«rtibiotiPS 
1994, V,47, N.1Q, p>l 173-1174) and kistamycins with activity against influenza virus (R Narase, O, <5* 
al J. Antibiotics 1993, V.46, N.12, p. 1812-1818) have been described. However the structures of these 
hexa- or heptapeptide antibiotics and the structures of glycopeptide antibiotics and of the aglycons of 
glycopeptide antibiotics have serious differences in both amino acid sequence and etereochenristty* All 

10 kystamycins, complestatin and chloropeptins contain a tryptophan moiety linked to central amino acid 
No 4, whereas it is represented by a substituted phenylalanine moiety in vancomycin, etemotay*?in* 
chloreremomycin, teicoplanin, DA-40926 and other antibacterial glycopeptides. 

The present invention thus includes the use of selected compounds of the general formula I, II and III 
15 as an antiviral or to manufacture medicaments to treat or prevent antiviral infection* more preferably as 
a retroviral and more preferably as an anti-HIV and most preferably as an anti-HTV-1 or anti-HIV-2 
compound. Such compounds can be natural glycopeptide antibiotics, with structures as for instance 
disclosed in KLC.Nicolaou, C.N.C. et aL Chem. Int. Ed., 1999, V.38, p>2096-2152 and B.Cavalleri & 
F.PaxentiL Encyclopedia of Chemical Technology, 1992, V2, p.995-1018, 

20 The present invention however* also provides synthetic, semisynthetic or biosynthetic derivatives of 
natural glycopeptide antibiotics of the general formula I, II and EL These compounds may be 
engineered to be inactive as antibacterials at therapeutic antiviral doses. 



In a further preferred embodiment of present invention these antiviral compounds can be compounds 

25 of the formula I, II and Eff or salts thereof* wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R° represents nflhil when b 2 
represents an additional bond and hydrogen when R° represents nihil, R* represents nihil when b 1 
represents an additional bond and hydrogen when b 1 represents nihil, R* represents R*' and R° 
represents hydrogen when b l and b 2 each represents nihil, wherein R 6a is described below- Preferably 

30 R* represents R 6a , R° represents hydrogen and b 1 and b 2 each represents nihil; 
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5 

Formula III 




b 3 presents nihil or an additional bond, R a — R 5 * represents a group of the formula: CHN(R n )CO, 
10 CHN(R 1, )(CH 2 )xN(R. U9 )CO or C^(R n )CO(CHi)Jtf(R n *)CO when b 3 represents an additional bond, 
and R 8 is R and R 5 * is R 5 when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R R 5 , R n and R lu 
are described below. Preferably R B — R 5 * represents CHNHCO; 
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(7 "b* represents nihil or an additional bond, R b — B. 3 ** represents a group of the formula; CHNCR n )CO, 
CHN(R ll )(CH 2 ) a N(R Ul, )CO or CHNCR'^COCCHjJpNCR 1 ^© when b 4 represents an additional bond, 
and R b is R and R 5 * is R s when b 4 represents nihil, wherein p is 0, 1, 2, 3 or 4 and R, R 5 R 11 and R t,a 
are described below; 

S b a , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R 0 * 
represents hydrogen and R d represents R or a group of me formula; (CHj0 q CON(R u )CH(CH2OH) 
(CH3) a N<R 12 )CHCCH 2 OH) when V and b 7 represent nihil and b 6 represents an additional bond. R 01 
represents nihil, R d — Y represents a group of the formula: CHN=C(NR n )0 or CHNHCONCR 11 ) when 
b* represents nihil and b 5 represents an additional bond. Y and R 0a each represents a hydrogen and R 4 

10 represents group of the formula: (CH^CONCR'^CH^HzOH) (CH^^CR^JCHCCHaOH) when b 5 , b 6 
and b 7 each represents nihil, wherein q iB 0, 1, 2. or 3 and R, R 11 and R 12 are described below; 
nisO, 1, 2 or 3; 

X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X* are each independently selected from hydrogen, halogen and X 5 , wherein 
X 6 is defined below. Preferably X\ X 2 , X 3 , X*, X s , X 7 and X 5 are each independently selected from 
15 hydrogen and CI; 

X 6 is selected from Hie group comprising hydrogen* halogen, SQ 3 H, OH, NO, NO?, NHNH 2 > 
NHN=CHR U , N=NR n , CHR U R 13 , CH2N(R 3 )R n , R s . R u and R 13 , wherein R 3 is Ofc attached to 
phenolic hydroxyl group of the 7* amino acid, R 5 , R n and R 13 are defined below. Preferably X 6 is 
CH 2 R 13 ; 

20 X? is selected from hydrogen and methyl; 

R c represents R and R 5 ° represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 

R l is selected from hydrogen and R 11 , wherein R 11 is defined below. Preferably R 1 is (CH2XCOOH, 

<CHb)^OWR u R 12 , (CH 2 )tCOR 13 , (CH 2 ) t COOR 11 , COR 15 , (CH^tOH, (CH 2 )»CN, (CH 2 )»R 13 , 
25 (CH 2 )tSCH 3 , <CH 3 ),SOCEfe, (CH 2 ) f S(0>tCH 3 , (CH 2 )ipfaenyl(OT<>H>/KX), (CH^henyKo-X 7 , w-OR 10 , 

p-X 8 )-[0-phenyl(o-OR 9 } m-X 9 , m-K 16 ))-m y where t is 0, 1, 2, 3 or 4. R, X 7 , X s , X 9 are defined above. 

R", R 12 , R 13 t R 15 and R w are defined below; 

R 2 and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 are 
defined below; 

30 R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or O-acetyhnaanosyl. R 12 and R 17 are defined below; 
R 3 is selected from COOH, COOR 11 , COR 13 , COR 13 , CEfeOH, CH^halogen, CHaR 13 , CHO, 
CH=NOR u , CH=NNR"R lz and ONNHCONR 1:, R 12 , wherein R 1J , R 12 , R 13 and R 15 are defined 
below; 
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C R 6a is selected from OR 12 OR 17 , OH, O-alkyl-Sug and Q-Sug, wherein Sug is any. cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, ristosarainyl, N-acetylgiuwsaminyl, 4-ej^vancosaminyi, 3- 
epi'-vancosaminyl, vancosaminyl, actinosaminyl, glucuronyl, 4-oxovauwsaminyl, ureido-4- 
oxovancosaminyl and their derivatives with functional groups such as, for example, amino, carboxy, 
5 hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R 12 , N^O'R 11 ^ 11 *, COOR 11 , 
COR", COR 15 , O-R 12 , O-R 17 , C=NOR n , CHNHOR 11 , C=NNR 1, R 12 and C=NNHCONR"R 12 
derivatives, wherein R n , R 1,a , R Ilb , R K , R 13 , R* 5 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyL mannosyl, ristosaminyl, N-acylglucosaminyl, N- 
10 acylglucuronyl, glucosaminyl, glucuronyl, 4^/7j-vancosaminyl, 3-epjf-vancosaminyl, vancosaminyl, 
actinosaminyl, acosaminyl, glucosyl-vancosanunyi, glucc>syl^e>-vancosaTOinyl, gmcosyl-3-«?pr- 
vancosaminyl, glucosyl-acosaminyL ghicosyl-ristosaminyl, glucosyl-actraosamtoyl, glucosyl- 
rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyt, ghicosyl-4-oxovancosannnyl, gtocosyl-ureido-4- 

oxovanoosaminyl, glucosyl(rhamnosyl)-mannosyl-arabinosyl, glucosyl-2-O-Leu and their derivatives 
15 with as functional groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 

derivatives comprising NR 1 ^ 12 , N + R 1, R l5a R ,lb , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR n , 

CHNHOR 11 , CHNNR M R U and C=NNHCONR 11 R 12 derivatives, wherein R u f R Ua , R nb R ,z , R 13 , R 15 

and R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R 17 » OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
20 acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl-galactosyl; 

• R 9 is selected from hydrogen, R J2 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 

Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined below; 

R 10 is selected from hydrogen, R u , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 

Preferably Sug is mannosyl or fucosyl. R 12 and R 17 are defined below, 
25 R n , R ,lB and R ,lb are each independently selected from the group consisting of hydrogen, alkyl, aryl, 

heteroatyl, cyloalkyl, heterocycloalkyl; 

R 12 and R 12 * are each independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, 
aryl, heterocycloalkyl, heteroaryl, acyl, aniino-protecting group, carbamoyl, thiocarbamoyl, SO2R 11 , 
S(0)R n , COR 13 -R w , COGHR»NCNO)R", COCHR 1 *NR 11 R 12 and COCHR ls N 4 R ,1 R lla R 1,b , wherein 
30 R n , R u » and R llb are defined above, R 13 and R 18 are defined below. Preferably R 12a is hydrogen, 
COCHR 18 NR u R 12 , COCHR 18 N(NO)R u , COCHR 18 N 4 R n R 1,a R llb and COCHR^R 13 ; 
R 13 is selected from the group consisting of hydrogen. NHR 12a , NR U R 13 , NR n Sug, N 1 fe ,, R 11, R 1Ib , R 15 , 
NR u C(R lla R llb )COR 13 and group of the formula: 
N-A- N*- A 
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C wherein A is -CHrB-CHz- and B is -(CH 2 )m-D<CHzV* wherein m and r axe from I to 4 and D is O, 
S, MR 12 , N*R u R ll % wherein Sug is any cyclic or acyclic carbohydrate, R n > R 1,a and R* 2 are defined 



R 14 is CHa, OO, CHOH, CHNOR", CHNHOR u , C=NNR u R w , CHNNHCONR n R 12 and 
5 CHNHNR U R 12 , wherein R 11 and R 12 are defined above; * 

R 15 is selected from N(R ll )NR Ua R 12 , N(R n )OR m , m n C(Il lla R Ub )COR 13 , wherein R n , R u \ K n \ 
R l * and R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 or CH(NHb)CH^OH; 

R 17 is selected from SO*H, SiR ll R lla R llb , SiOR n OR Ua OR nb , PR u R lla , PCO^'R 118 , P' t R 11 R lla R llb > 
10 wherein R n , R 1,a and R l1b are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R l is defined above. Preferably R l * is CBb, 
CH2CH(CH3)2, phenyl(p-OH, m-CI), phenyl-rh«ra)iose-^ phenyH* 811 ^ 56 ^ 130 * 086 )-^* phenyl- 
(galactose-galactose)-p, phenyL-O-methylrhamnose-p; 

15 Each compound of the present invention may be a pure stereoisomer coupled at each of its chiral 
centers or it may be inverted at one or more of its chiral centers. It may be a single stereoisomer or a 
mixture of two or more stereoisomers* If it is a mixture, the ratio may or may not be equimolar. 
Preferably the compound is a single stereoisomer, Preferably the stereochemistry of the peptide core of 
the compound containing six amino acids (2-7) is 2(#), 3(iS), A(R% 5{K), 6{S) and 70S), 



Yet another embodiment of present invention is the use of one or more compounds of the formulas I, II 
or HI in a pharmaceutical composition to treat or prevent a viral infection, ; preferably retroviral 
infection and yet more preferably a HIV-1 or HIV -2 infection. Thus, one or more of the compounds, 

preferably in the form of a pharmaceutical^ acceptable salt, can be formulated for oral or parenteral or 
25 topical administration for therapeutic or prophylactic treatment a viral infection, preferably of 
retroviral infection and yet more preferably of HIV infections. 

For example: the compound can be mixed with pharmaceutical^ acceptable carriers and excipients 
and used in the form of tablets, capsulas, elixirs, suspensions, gels, syrups, wafers and the like* The 
compositions comprising one or more compounds of the general formula I, II or EI or derivatives of 
30 these compound will contain from about 0.01 to about 90 % by weight of the active compound, and 
more prefereably from about 10 to about 30 %, The composition may contain phaxm^Oewtioal 
acceptable carriers and excipients, such as com starch, or gelatin, lactose, sucrose, microcoy&tallino 
cellulose, dicalcium phosphate, sodium rilloride, and alginic acid. 



above; 



20 
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. For mttavenous use, a water soluble form of the. compounds of.present invention can be dissolved in ^ 
one of Ihe commonly used intravenous fluids or any phannaceutically acceptable fluid for intravenous 
injection and administered by infusion. Such fluids as, for example, physiological saline, Ringer's 
solution, or % dextrose solution can he used. For intramuscular preparation, a sterile formulation of a 

5 suitable soluble salt form of the compound, for example a hydrochloride salt, can be dissolved and 
administered in a pharmaceutical diluent such as pyrogen-free water (distilled), physiological saline or 
5 % ghicose solution. A suitable insoluble form of the compound may be prepared and administered as 
a suspension in an adequate base or a pharmacologically acceptable oil base, for example, an ester of a 
long chain fatty acid such as ethyl oleate. For topical (i.e. intmvaginal) use, a sterile formulation of a 

10 suitable form of the compound can be incorporated in a gel or a cream or alike. 
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Examples 

Scheme 1. Vancomycin and ereraomycin derivatives 
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jj^ C Sc5hcro.fi 2. N-deacyl-A40926 (DA40)».a6TOaw)wwy]l-N-deacylA40926 {DMDA40) and their derivatives. 



HD 




MeZ 1 



X OH H 



jNo 


UCT 
A 


X 




Z' 




Bratto formula 


MW 




DMDA46 




10 


700 


H 


NH(Ca 2 ) 3 N* 
MefeBnPh-p 


H 


H 


CiwHuzNteOwCli 


2053 


U 


604 


H 


NH(CH 2 ) 3 N 


p-BuOBa 


. p-BuOBa 


C 9 7Hw»Nl4023Cl2 


1881 


12 


605 


H 


NHCCH?)3N 
Mea 


H 


p-BuBn 




1703 


13 


614 


BnPh-p 




H 


p-BuBn 


CxwHiMNwOaiCIa 


1967 


14 


740 


M€aC,oHi4l 


NH(CH4)3N 
Mea 


H 


H 


CsiHusN^iCb 


1812 



29/43 



31- Aug. 2002 2:02 



( J 



+32 16 326515 



Scheme 3. Telcoplanira aglycora derivatives. 



Nr. 2725 P. 36/50 




No 


LCTA 


X 


Y 




Brutto formula 


MW 


Tekoplanin aglyeon* (XO) derivatives 




IS 


327 




NH(CHa)3NMe 2 


H 




1432 


16 


330 


C3i 2 MH(CH2) 4 CH(NH 2 ) 


NHCCKb^NMez 


H 




1580 


17 


335 


CHPhd-p 


OH 


H 


CtoH^NwOisCIj 


1434 


18 


346 


CH^N(COLys)C iq H 2 , 




H 


C72H73N 9 Oi7Cl 2 


1407 


19 


360 


CHjNHAdam 


MHCCHzJjNMea 


H 


Cj^NioOitCU 


1446 


20 


358 


CH 2 TMH(CH 2 )3T4Me2 


NHC 1() Hai 


H 




1452 


21 


394 


CBr2NHC 9 Hi9 


NHC^aNMea 


H 


C73H78NHJ017C12 


1436 


22 


395 


CHbNHCioHji 


]NH(CH&-2-Me- 
pipecoline 


H 


QaHgeNwO^Cla 


1497 


23 


427 


H 


NH(CH 2 ) 4 CHCNH 2 )CO 


H 


C74H7gN|oO ]8 Cb 




24 


432 


CH2NHC 1( fl2i 


MHMe 


COLys 


C7flHB3Ni|0)gCls 


1509 


25 


646 


H 


N[CH 2 CH2] 2 N-2- 
naphtyl 


H 


C 7S H 6 ,N 9 0,7C12 


1407 


26 


669 


H 


NH(CH 2 ) 4 CH 
(NHBnOBu-p) 
CONH(C3a 2 ) 3 NMe 2 


H 


C 86 HwNllOl 9 Cl2 


1636 


27 


689 


H 


MJ(CH2)jN + Me2C t oH2ii 


H 


C73H7SN90J7C12 


1424 


28 


693 


CEbN[CH 4 CEb]iNBnPh-p 


NH(CH 2 )iNMe 2 


H 


GuHMNTnOnCIa 


1547 


29 


694 


CHaNlCHaCHa^BnPh-p 




H 




1562 


30 


719 


CH 2 N[CH 2 CH7fcNBnBu-p 


NH(CH 7 ) 3 NMe2 


H 


Crpr^tiNnOt?^ 


1527 


31 


720 


CH 2 N[CBfcCH2]2lMBnBu-p 




H 


C7SH72N100 17CI2 


1456 


32 


715 


H 




C11H23 


C7«H7sN90l 7 Cl2 


1437 



30/43 



31. Aug- 2002 2:02 _ +32 16 326515 



Nr. 2725 P. 37/50 



33 


721 


CH 2 NH(CH 2 ),N* MeaCmSn 


OH 


H 


CWHe&NsOigCb 


1454 


34 


722 


CHiNH(CH a ) s N 4 -Me 2 C 10 H 2 i 


NH(CH 2 )jNMe2 


H 


C w HBNi,Oi,a 2 


1538 


35 


723 


CH 2 NH(CH 2 )aN + M^CioHu 


NHMe 


H 


C7gHgjNioOi7Cla 


1467 


36 


724 


CH 2 NH(CH 2 ) 3 N + MeaCmHn 


NH(CH2) 2 OH 


H 


CysHgsNioOuQa 


1497 


37 


725 


CHjra(CH 2 ) 3 N f M<!3C!oH 21 


NH^ByjlSTM^CioHii 


H 


QsHnsNuOnCla 


1679 


38 


799 


CHzNHCCHzJjN^MeaCroHzi 


NH(CH 2 )jNMej 


H 


C»9H9oNuO w a 2 


1536 


39 


800 


CH 2 N[CIi 2 CH 2 ] J N + CioH 2 i 


NH(CH 2 ) 3 N 4 Me 3 C lfl H2i 


H 


CgsHinNfiiOiTClz 


1677 


40 


817 


H 


C 9 H» 


H 


C7 2 H7iN90igQ 2 


1448 


41 


819 


H 


NHCCHa)6Ne 2 


H 


CwHsjNj.OjiTCb 


1297 


42 


S20 


CH 2 NH(CHa)3N + Me2C 1 oH2i 


NHCCH 2 )^NH 2 


H 


CsoHswNuOnCfc 


1552 


43 


876 


H 


NH(CH 2 )„^1H 2 


H 


CgftHsjN^tTCli 


1353 


44 


895 


H 


NH(CHa)sCO-D-Ala- 
P-Alft 


Boo 


C75H74N10O23CI2 


1554 


45 


901 


CHaNHMe 


NHMe 


H 


CsiHssNsOLTCla 


1255 


46 


916 


H 


. N[CH 2 CH2]2N 
COCHjNHBftBtt-p 


H 


C75H7oN lo Oi 8 Clb 


1470 


47 


933 


CH 2 NHBnBu-p 


NHMe 


Boc 


C7sH7aN90i9Cl 2 


1487 


48 


934 


CHzNHBnBu-p 


NHMe 


H 


CriHssN^OiTCh- 


1387 


49 


947 


H 


OH 


Adoc 




1377 


50 


953 


H 


NHAdaro 


H 




1332 


51 


955 


CHsNHAdam 


NHMe 


H 


. CvoHgsNg O17CI2 


1375 


52 


960 


CHaNHAdam 


NHAdam 


H 


C79H77N9O17CI2 


1495 
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HCbz 



Scheme 4, Modified products of teicoplanin aglycon degradation 

Compound 53. LCTA-962: X = CH 2 NHAdam, Y - Boo; Cg?!^^^, 1315 
5 Compound 54. LCTA-963: X - CHiNHAdam, Y - H; CsjHwNsOicCla, 1215 




Compound S5. LCTA-969: X = CHjNHAdam, C 7e H^N 9 O lS Cl?S, 1498 

10 

Footnote: Adam==adajitaixt-l-yl. . 
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METHODS OF SYNTHESIS 



Method A , Amtaomethylated derivatives{l (941), 6 (902), S3 (962), 54 (963), 55 (969)} 

To a Btined solution of 0.5 mrnoL of antibiotic or its degradation product and 4 mmol of an appropriate 
in 10 ml of an acetonitrile-water 1 : I mixture was added 3 mmol of 37% aqueous fbrmaldeliyde, If a 
5 salt of amine was used In NaOH was added to pH 10. The reaction mixture was stirred at room 



3 with In HC1, the resulting solution (or suspension) was extracted with n-BuOH (~ 25 ml x 2); the 
organic layer was washed with water (~ 15 ml x 2) and then concentrated at 45 °C in a vacuum to a 
small volume (-3 ml), On adding ether (~ 100 xol\ the precipitated solid was collected and dried in 

10 vacuum at room temperature for 4 h. Then it was dissolved to a minimal amount of MeOH and applied 
to a chromatographic column with Sephadex LH-20 (2 x 100 cm) preequilibrated with MeOH, The 
column was developed with MeOH at a rate of 10 ml/h, while collecting 5 ml fractions. The suitable 
fractions were combined and concentrated to a small volume (~ 3 ml). After adding ether (~ 100 mi) 
the precipitate formed was collected rinsed with ether and dried in vacuum at room temperature. 

1 5 The starting compound for 53 (962) - N^Cbz-K^-Boc-TDTP-Me - was obtained as previously 

described 7 . Compound 54 (963) was obtained from 53 (962) by the removal of Boc-group in TFA as 
previously described for N 2 -Cbz-N 4 -Boc-TDTP-Me 7 . 

The starting compound for 55 (969) - N-tenxunal phenylthioliydantoin-derivative of teicoplanin 
aglycon - was obtained by Edman degradation of teicoplanin aglycOn, 



Method B. Carboxamides { 2 (892), 10 (700), 23 (427), 25 (646), 26 (669), 27 (689), 29 (694), 40 
(817), 41 (819), 43 (876), 46 (916), SO (953) } 

To a mixture of an antibiotic or its degradation product (0.5 mmol) and 5 mmol Of att amine 
hydrochloride dissolved in 5 ml of DMSO were added portion-wise Et3N to adjust pH 8.5-9 and 
25 afterwards during 1 hour 1 mmol of PyBOP - reagent (benzotriazol-1 -yloxy)-tris-(pyrrohdino) 
phosphonium-hexajauorophosphate) or HBPyU-reagent (O^enzotriazol-l-yloxy)^^^',!^- 
bis(tetramethylene)uronium hexafluorophosphate). The reaction xixixture was stirred at room 
temperature for 3 hours. 

Addition of ether (-100 ml) to the reaction mixture led to an oily residue, which was shaken 
30 . successively with ether (15 ml x 2) and acetone (-15 ml). After addition of 100 ml of acetone a 
precipitate of crude amide was collected, dissolved in 50 mi of water and In NaOH was added to pH 9. 
The resulting solution (or suspension) was extracted with «-BuOH (~ 25 ml x 3); the organic layer was 
washed with water (r 15 ml x 3) and then concentrated at 45 °C in vacuum to a small volume (~3 ml). 



temperature for 18 h and then 100 ml of water was added. After adjusting the reaction mixture at pH 



20 
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- On adding ether (*■* lOQ-xnl), the precipitated solid was collected and dried in a vacvraoa at room.fbr 4 h, ^ 
and 100 ml of acetone was added to form the precipitate, which was collected to give a pure 
carboxaxnide. 



5 Method e Carboxamides of arainomethylated derivatives { 3 (940), 4 (728)* 5 (768), 8 (936), 11 
(966), 14 (740), 15 (327), 16 (330), 17 (335), 18 (346), 19 (360), 20 (358), 21 (394), 22 (395), 28 
(693), 30 (719), 31 (720), 34 (722), 35 (723), 36 (724), 37 (725), 38 (799), 39 (800), 42 (820)* 45 
(901% 48 (934), 51 (955), 52 (960) } 

These compounds were obtained by the method B starting from the aminoraetylated derivatives 
1 0 obtained by the method A. 

Method D. N-carbamoylated derivative. {49 (947)} 

To a stirred solution of 0.5 mmol of antibiotic or its degradation product in 15 ml THF-water 1 : 1 
mixture adjusted to pH 10 with In NaOH 0.5S mmol of adamantyloxycarbonyi chloride was added. 
The reaction mixture was stirred at room temperature for 4 h, then it was diluted with 100 ml of water. 
IS After adjusting the reaction mixture at pH 3 with In HC1, the resulting solution (or suspension) was 
extracted with n-BuOEH (~ 25 ml x 2); the organic layer was washed with water (~ 15 ml x 2) and then 
concentrated at 45 °C in vacuum to a small volume (-3 ml). On adding ether (~ 100 ml), the 
precipitated solid was collected and dried in vacuum at room temperature for 4 h. 

Method E. N-earbaiwoylated derivative of carboxsuxtlde { 44 (898)} 

20 This compound was obtained by the method D using Boc 2 0 reagent starting from carboxamide 
obtained by the method B. 

Method F. N-carbamoy lated derivative of carboxamides of aminometfcylated derivatives 
{7 (935), 24 (432), 47 (933)} 

These compounds were obtained by the method D using Boc^O reagent starting from carboxamides of 
25 aminomethylated derivatives obtained by the method C. 

Method G. N- or N,N'-aIkyl*ted derivatives 1 11 (604), 12 (605), 13 (614), 32 (715)]. 

To a stirred solution of 0,5 mmol of the starting compound [ethylaminopiperazinamide of DMDA 40, 
obtained by the method B for compound 12 (605); 7d-methyl-N(p-phenylbenzyl)piperazine of di- 
ethylaminopropylamide of DMDA40 for compound 13 (614); 7d-meflhylaminobuthyl- 
30 N(nonyldimefltyl)-amine of di^imethylaminopropylamide of teicoplanin aglycone obtained by the 
method C for compound 32 (715)], 1.5 mmol of the corresponding aldehyde was added and the 
reaction mixture was stirred at 40 °C for 3 h. Then the reaction mixture was cooled to 20 °C and 1 
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C mmoL of NaCNBH 3 was added. After starring at 20 °C for Ih 150 ml of ether was added to the reaction 
mixture to give an oily residue, which was shaken successively with ether (15 ml x 2) and acetone 
(-15 ml). After addition of 100 ml of acetone, a precipitate of crude amide was collected, dissolved in 
50 ml of water and In NaOH was added to pH 9- The resulting solution (or suspension) was extracted 

5 with h-BuGH (~ 25 ml x 3); the organic layer was washed with water (~ 15 xoJ x 3) and then 
concentrated at 45 °C in vacuum to a small volume (~3 ml). On adding ether (~ 100 ml), the 
precipitated solid was collected and dried in vacuum at room for 4 h- and 100 ml of acetone was added 
to form the precipitate, which was collected to give a pure product. 



10 The homogeneity and identify of the compounds obtained was assessed by HFLC and ESI 

mass-spectrometry. Analytical reverse phase HPLC was carried out on a Shimadzu HPLC 
instrument of the LC 10 series on a Diasorb C16 column (particle size 7 urn) at an injection volume of 
10 j-iL and a wavelength 280 m The sample concentration was 0.05-0-2 mg/mL. Mass spectra were 
determined by Electrospray Ionisation (ESI) on a Finnigan SSQ7000 single quadruple mass 

15 spectrometer- 



20 

ANTIVIRAL AND CYTOSTATIC ASSAY METHODS 
Anti-HTV activity assays 

Inhibition of H1V-1(III B ) and fflV«2(ROD)-induced cytopathicity in CEM cells was measured in 
25 microtiter 96-well plates containing - 3 x 10 s CEM cells/ml, infected with 100 CCIDso of HIV per ml 
and containing appropriate dilutions of the test compounds. After 4 to 5 days of incubation at 37*C in a 
CO^controlled humidified atmosphere, CEM giant (syncytium) cell formation was examined 
microscopically- The EC 5 o (50% effective concentration) was defined as the concentration of 
compound required to inhibit HIV-indueed giant cell formation by 50%, 
30 Cytostatic activity assays 

All assays were performed in 96-well microtiter plates. To each well were added 5 - IS x, 10 4 cells 
and a given amount of the test compound- The cells were allowed to proliferate for 48 h (murine 
leukemia L1210) or 72 h (human lymphocyte CEM and Molt4/clone 8) at 37°C in a humidified C0 2 - 
controlled atmosphere. At the end of the incubation period, the cells were counted in a Coulter counter. 
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' The IC 5 o (50% inhibitory concentration) was defined as tfae concentration of the compound that 
reduced the number of cells by 50%- 



5 
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r Discussion 



A variety of glycopeptide antibiotic derivatives of vancomycin eremomycin and teicoplanin 
including their aglycon derivatives were evaluated for their inhibitory activity against HTV-l(IHp) and 
5 HIV-2(ROD)inCEMcellcuItares- 

In contrast with vancomycin and eremomycin that did not show anti-HIV activity at 250 yM> 



ECso of 5.5 and 12 \M, respectively (Table 1), Whereas 2 was not inhibitory to HIV-2 at 50 *iM, 1 

showed an EC S q of 22 yM. The eremomycin derivative 5 proved very inhibitory to HTV-1 replication 
10 (EC 50 : 0*43 jiM) being cytotoxic against the CEM cells at a 100-fold higher concentration (ICso: 40 

VMS). The other eremomycin derivatives 3 and 4 were at least 10-fold less inhibitory to HTV-1 than 5. 

No activity against HIV-2 at subtoxic concentrations was observed Interestingly, the eremomycin 

aglycon derivatives 6 to 8 all invariably inhibited both HIV-1 and HIV-2 at EC 5 o values tanging 

between 3.5 and 12,5 jaM. This is at compound concentrations that were at least 15- to 20-fold lower 
15 tb?tj required for the eremomycin aglycon. They were relatively non-toxic (ICso > 100 jxM for CEM 

cells). The Des-(N-niethyI-L4eucyl)-er^omycin aglycon 9 was also active against HIV (13-20 jaM) 

and not toxic at 250 jiM (Scheme 1, Table 1)* 

Antibiotic A40 926 derivatives 10 to 14 containing no ISP-acyl substituent and maunose moiety 

at ring 6 (Scheme 2) also displayed anti-HIV-1 activity between 3.5 and 12 p,M, with no or poor 
20 activity against HIV-2 at subtoxic concentrations (Table 1). These derivatives were also in general 

more cytotoxic to cell growth than vancomycin and eremomycin. 



evaluated for their anti-HTV activity (Table 1). All of tiiem showed pronounced anti-HIV-1 and anti- 
HIV-2 activity, often with a trend of being slightly more active against HIV-1 than HIV-2. The most 

25 active congeners were inhibitory against HIV-1 in the range of 13 to 2*5 jiM (compounds 15, 19, 21, 
22, 25, 27, 31, 33, 35-40, 42 and 52)- A number of them* Le. 52, 31, 19, 15 were not cytotoxic at 100- 
500 pJM This means that the most selective compounds 19 and 31 had selectivity indices (ratio 
IC50/EC50) that were > 200. The antiviral activity of the latter compounds was also at least 10-fold 
improved over die ^substituted teicoplanin aglycon (ECso: 17-20 mM; ICso: > 500 pJM), 

30 Compounds 53 and 54 that lack the ring systems 1 and 3 and have only two macroring 

structures showed activity against HIV-1 and HIV-2 at an EC50 between 17 and 37 pM (Table 1, 
Scheme 4). Also, compound 55 (Scheme 5) showed an antiviral activity of 13 and 17 pM against HIV- 
1 and HTV-2, respectively (Table 1). 



35 gain anti-HIV activity compared to their (usually inactive) glycosylated parent compounds. Also, 



the vancomycin derivatives 1 and 2 modified at X or Y (Scheme 1) were inhibitory to HIV-1 at an 



A large variety of teicoplanin aglycon derivatives have also been synthesized (Scheme 3) and 



It is clear that in general, the aglycon derivatives of vancomycin, eremomycin and teicoplanin 
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substituente on the aglycons of vancomycin, eremomycin and teicoplanin that increase the lipophilicity 
of the aglycon derivatives, also markedly increase the anti-HIV activity of the compounds. In some 
cases, just the simple aglycon showed already measurable anti-HIV activity, but hydrophobic 
derivatives were, as a rule, markedly more (10- to 100-fold) inhibitory to HTV, Among the teicoplanin 
5 derivatives, both low hydrophobic (Le, 29) and highly hydrophobic (Le, 28, 4«, IS, 22, 38) compounds 
showed prominent anti-HIV activity. The structural requirements to avoid cellular toxicity are unclear, 
but a number of antibiotic derivatives were clearly not cytostatic in cell culture, while retaining 
pronounced antiviral activity. 

Four compounds (19, 30, 31 and 35) were evaluated against a variety of HTV strains in 
10 different cell lines, and it was found that they all maintained a similar antiviral potency regardless of 
the nature of the cell line ox virus strain (Table 2). 

A time of addition experiment was performed for the highly selective compound 19, 
Compound 19, like the virus adsorption inhibitor dexfcran sulfate, cannot be added later than 1 hr post 
infection without significant loss of antiviral activity. In contrast; administration of a reverse 
15 transcriptase inhibitor (AZT, zidovudine) could be delayed for at least 3 hours without loosing its 
antiviral activity. These data point to a very early event in the replication (infection) cycle of HIV as 
the antiviral target for the novel antibiotic derivatives. In agreement with these observations, it is 
important noting that the compounds kept their antiviral efficacy against HTV-1 strains that contain 
mutations in the reverse transcriptase that result in resistance to non-nucleoside reverse transcriptase 
20 inhibitors (NNRTTs) (Table 3). 

Extensive attempts to select resistant virus strains against 19 and 35 failed under experimental 
conditions that easily resulted in the emergence of nucleoside RT inhibitors (NRTT)- (i.e. lamivudine) 
or NNRTI- (Le. nevirapine) resistant virus strains (data not shown). 

25 111 conclusion, novel classes of modified antibiotics have been discovered that were 

surprisingly active and selective against HTV in cell culture. The most active members of these 
antibiotic derivatives had an EC 5 o of 1-3 \xM and were non-toxic in cell culture (IC 50 > 200-500 pM). 
Their aMviral mechanism of action is located at an early event in the infection cycle of HIV (most 
likely adsorption and/or fiision), and is clearly different from the molecular mechanism of anti- 

30 bacterial activity. The compounds efficiently suppress drug-resistant HIV-1 strains, and resistance 
development in cell culture is difficult to engender. Therefore, the (lipophilic) aglycon antibiotic 
derivatives should be regarded as interesting new lead drugs that should be further explored as 
antiretroviral compounds for Systemic use in the treatment of HTV infections. In addition, their early 
intervention in the infection cycle of HTV also make these compounds potential candidate drugs for 

35 prevention of HTV spread [i.e. as a miorobicide when given locally (i.e. intravaginally)]. 
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Table I, Cytostatic and anti-HTV activity of glyeopeptide antibiotic derivatives 



Compound 




IC 50 tt (HM) 




EC 50 t 


dm 


No. 


L12I0 


Molt4/C8 


CEM 


HIV-1 


HIV-2 


Vancomycin 


>500 


>500 


>500 


>250 


>250 


Breznomycin 


500 


>500 


>500 


>250 


>250 


Teicoplanin 


>500 


>500 


>500 


18 ±3.5 


100 ±0 


Ten cnnl arrin 


> 500 


> 500 


>500 


17 ±3.5 


20 ±0 


aglyCCtt 












Eremomycm 


>500 


>500 


>500 


50 ±28 


250 ± 0.0 


aglycoa 












Vancomycin 


>500 


>500 


>500 


65 ± 7.1 


250 ± 0.0 


aglycon 












1 


53 ±9 


>100 


>100 


12 ±3.5 


22 ±3.5 


2 


60 ±8 


53 ±1 


■ 172 ± 15 


5.S±0.7 


>50 


3 


22 ±0.3 


24 ±18 


95 ± 14,1 


5.1 ±3.3 


20 


4 


16±6 


33±5 


27±7 


7.0 ±0 


>20 


S 


24 ±0.4 


17±3 


40±4 


0.43 ± 


> 10 










0.25 




6 


250 ±39 


:>500 


>500 


5.5 ± 0.7 


12 ±3.5 


7 


84 ±22 


> 100 


>100 


4.0 ±0 


3.5 ±0.7 


8 


>100 


>100 


> 100 


4.0 ± 1.7 


5.5 ± 0.7 


9 


>250 


>250 


>250 


13 ± 9.9 


20 ±7.1 


10 


44 ±2.9 


27 ±14 


32 ± 5.0 


4.0 ± 1.4 


>10 


11 


20 ±7.5 


18 ±2.5 


80 ± 6.0 


5.0 ±0.7 


>10 


12 


36 ±14 


66 ±20 


>250 


12 ± 3.5 


>50 


13 


25 ±0.7 


35 ± 6.1 


212 ±54 


3.5 ±2.1 


20 


14 


27 ±0.3 


22 ±4.7 


92 ± 5.0 


3.5 ±0.7 


>20 


15 


48 ±8 


>100 


>100 


1.4 ±0.6 


6.0 ± 3.9 


Iff 


19±5 


76±8 


389 ±99 


3.5 ±0.7 


5.5 ±2.1 


17 


97 ±4.3 


>10Q 


>100 


8.0 ±2.8 


22 ±3.5 


18 


15±2 


58±11 


140 ±26 


3.0 ±1.4 


5.0 ± 1.4 
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19 


. . >500. 


>50O 


. . >500 


2,5 ±0.7 


8.0 ±2.8 


20 


17±9 


58 ±12 


53 ±11 


4.5 ± 0.7 


44 ±1.4 


21 


43 ±6 


136 ± 33 


179 ±1 


2.2 ±0 


6.5 ±0.7 


22 


57 ±15 


182 ±31 


211 ±1 


1.3 ±0.92 


7±0 


23 


5.7 ±0.27 


22 ±22 


58 ±35 


2.6 ±2.0 


5.5 ±0.7 


24 


12±6 


41 ±8 


46 ±8 


4.0 ±0 


6.0 ±0 


25 


175 ±44 


47 ±4 


113±28 


2.1 ± 1.3 


5.0 ±0 


26 


13 ± 0.4 


36 ±27 


228 ±91 


5.0 ±1.4 


4.0 ±1.4 


27 


9.1 ±0.9 


28 ±0.4 


18±3 


1.5 ±0.42 


2.3 ±0.21 


28 


318 ±256 


>500 


>500 


3.5 ± 0.7 


8.5 ±2.1 


29 


26 ±8.1 


35 ± 8.2 


>250 


4.5 ±0.7 


22 ±3.5 


30 


29 ±7 


108 ± 79 


>500 


3.0 ±0 


5.0 ± 1.4 


31 


61 ±10 


>500 


>500 


1.7 ±0.42 


3.0 ± 1.4 


32 


23 ±7 


35 ±2 


90 ±27 


5.5 ±2.1 


12.5 ±3.5 


33 


51 ±26 


65 ±1 


74±5 


2.2 ±0 


7.5 ±0.7 


34 


23 ±11 


68±1 


50 ±8 


2.7 ±1.84 


4.5 ± 0.7 


35 


10±3 


100 


100 


1.8 ± 0.49 


7±0 


36 


12 ±0.1 


73 ±34 


100 


2.1 ± 0.14 


4.2 ±2.47 


37 


12 ±2 


19 ± 12 


9.4 ±1.9 


1.6 ±0.58 


4.3 ±0.58 


38 


51 ±9 


91 ±13 


>100 


2.1 ± 0.92 


10±0 


39 


7.3 ± 0.3 


14±3 


14 ±2 


1.3 ± 0.21 


1.3 ±0.21 


40 


38.7 ±3.4 


32.3 ± 


44 ± 0.42 


1.5 ±0.7 


4.5 ±2.1 


41 


>500 


>500 


>500 


15 ±0 


17.5 ± 3.5 


42 


38 ±1 


72±6 


66±2 


1.8 ±0.49 


7±0 


43 


£500 


225 ±8 


402 ±138 


6.5 ±0.7 


12.5 ±3.5 


44 


>500 


>500 


>500 


123 ± 3.5 


25 ±7 


45 


>500 


>500 


>500 


15 ± 7.1 


17.5 ± 10.6 


46 


> 100 


>100 


>100 


4±0 


7 ±4.2 


47 


70 ±23 


>100 


>100 


6±1 


12 ±5.2 


48 


> 100 


> 100 


>100 


9.7 ±9 


12.3 ±6.8 


49 


22 ±0.1 


25 ±0.99 


104 ±3.0 


13 ± 9.9 


6.0 ± 1.4 


50 


30 ±5.7 


26 ±6.0 


123 ± 6.0 


7.0 ±4.2 


6.0 ±1.4 


51 


212 ± 54 


>250 


>250 


5.0 ± 1.4 


17 ±3.5 
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c 



52 
53 
54 
55 



202 ±68 
95 ±10 

181 ±4.0 
73 ±24 



>250 

122 ± 13 
>250 
£250 



>250 
240±13 

>250 
242 ±11 



2.5 ±0.7 
17 ±3.5 
17 ±3.5 
13 ± 9.9 
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3.5 ±2.1 
11 ±5.7 
37 ±18 
17 ±3.5 



^[C^p, or (xxnroound concentration required to inhibit tumor ceil proliferation by 50%, 

''ECso, or compound concentration required to inhibit HIV-raduced giant cell formation in CEM cell 

cultures by 50%. 
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Glycopepti.de Derivatives 



5 



Novel classes of modified antibiotics have been discovered that were surprisingly active and selective 
against HTV in cell culture. The most active members of mese antibiotic derivatives had an EC 5 o of 1-3 
|iM and were non-toxic in cell culture (ICso 2 200 r 500 uJM). Their antiviral mechanism of action is 
located at an early event in the infection cycle of HIV (most likely adsorption and/or fusion), and 
10 clearly different from its molecular mechanism of anti-bacterial activity. The compounds efficiently 
suppress drug-resistant HEV-1 strains, and resistance development in cell culture is difficult to afford. 
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